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(54) EMS testing system 



(57) A system for testing an automotive engine man- 
agement system (EMS), comprises (a) means for gen- 
erating a series of EMS input signals which are equiva- 
lent to input signals generated by an automobile; (b) 
means for applying the EMS input signals to the EMS 
in a manner which simulates that of the inputs from an 



automobile; (c) a series of loads connected to outputs 
from the EMS, the loads being equivalent to the loads 
imposed by systems within an automobile under the 
control of the EMS; (d) sensors for measuring the EMS 
outputs; and (e) means for coordinating, in real time, ap- 
plication of the EMS inputs and measurement of the 
EMS outputs. 
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^ EP 0 859 238 A2 ^ ^ 

Description 

v*ich ihe EMS is inslall J ^ " ""^ =° '° bete.ic, o( an amtmobite in 

(-40=C to .125-C). When tunc onalfv est^^a EMS Idn^^^^H^^^^^^ ^ temperature range 

.ace, Which is designed for use du^g pe odic ^^^^^^^ T"'" " "'^9"°='''= 

in Europe or J1850 in the USA can also bfi^^PriT '^^ This senal interface, usually based on the IS09141 protocol 

Additional Built-ln Selt Test (l^^r^^r^arrdo^^^^^^^ St-^:: 'T''" '''' 

input under test. When tes ing o^uts e g stepTer m^^^^^ '"""'"'l ^'"^^"'"^ ^"^^ 

transistors, the output is connected to a sui S^e oa^and " '° '^''^ '° °" '"^^ 

electronic load and power supply or a fouCa^^^^^^^ " ^-^"9 an 
urennents and written to interSL'^gist^ to'corre^^^^^^^^^^^^ ^^^^'^'^'^^ — ' -as- 

auto:::r.%or:x"aCr fuZ wNl^r: oasTed^^'='" "'^^^ ^""^ --P'^^^^ '-tailed in an 
Change in a ^,0010^0' ^ OnfattTn^^uo dLfwith ^hirh^"^^^ ''f I"" """" automobiles because of a 

production line. The engfne is then sTarted and iS or . f ° '"'""^ ^" automobile at the end of the 

correctly. Failure can alsroccur afte instalfat^^ '° ^^''^ ^"^^ functioning 

generated by an automobile bl m^m ^^llL .lTZ^ ^ " f"™" "° ^""^'^n' I" "P^'t signals 
tha, o, th. inputs 1,0m an a,^to™bre^c, a s".^S^o^^to^^^^^ '? "^'^^I"^-^" «ch .imulates 

.0 the loads »„posed by systTr^-tbin an au^Io^^^^ 

outputs: and ,e, means ,0, oo^lnating, in tea, t^e. apblJ^triTne^'^^^ 

tbis 'o"arrtbT.rxrmr:;i~ ^ r :r ~ 

quently, in the preferred system inout sianais Pn,iiv=,i»nr,r!^ ^ environment, the automobile itself. Conse- 

and updated in%aral.el,ru; :tsrcrn:'^^ 

programmable power supply, serial interfaces are monitored an^upT^ed as he el^oroc^^^^^^^ "T f ' ""^ ' 
output events are coordinated and sequenced in real tlm^ Q.^h ,^ ! progresses and the input and 

Which Offers real-time control of the test system ^sttZtaSn "^"^^'^^"'^ ^'^^-^ ''V a VXI-based core 

erato7r:h?e^th?lMC^^^^ ^ ^PhT^^^ ^^^"^^^ 

nrn:^hrrs:^--~^^^ 

WhlnThe E^S con?^^^^^^^^ T ' ^ Predetermined period of time 

register::' the EMsToTs to' rSS:. ZS^^ T '"^^ '° — ' 

parallel with sequencing of oth" aspects oHhe tJ" '''' '^'^ "^^^ ^^^^ '^^ -9-t-s in 

The present invention will now be described, by way of examnie in r^\^Ur.r. 

'"''z^:Tnrv''T'^ °' ^ onrimTo^^:n;;;it?n"vror"°"^^"^'"^ ^^^^^-^ ^^^^^^ 

allow?;:L^reTo ^o orsyTem Iniremarn^The^Ms'^'"^ ^ ^'-'^^^^'^ '^^^^ ^^^^'^'-^ ^^^'^ -'^''^^ 
Will be understood are mererre^rsiriroHh^^^^^^^^^ ^''^3'.^^ -tP-s which it 



Inputs 


Outputs 


Crankshaft speed/phase (CR) 


Injector (1 per cylinder) (In) 
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Inputs 


Outputs 




Camshaft speed/phase (CM) 


Electronic Spark Timing (1 per cylinder) (S) 
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Kncx:k (K) 


Fuel Pump (FP) 




Road Speed (RS) 


Idle Air Control (lA) 




Air Temperature (Atemp) 


Warning Lamp (W) 




Throttle Position (T\ 


Part Qalot/ /C\ 

rdn neiay yr) 
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Water Temperature (Wtemp) 
Manifold Air Pressure (MAP) 
Air Conditioning Switch (AC) 
Brake Switch (B) 
Oxygen Sensor (O) 


Exhaust Gas Recirculation (EGR) 


IS 


Ignition (Ig) 
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The system applied appropriate loads to the outputs of the EMS so as to simulate the presence of the various 
instruments under the control of the EMS (not shown). Power is provided to the EMS by way of a programmable power 
supply unit (PPSU) which simulates the presence of the vehicle battery for the duration of the test. 

Input signals to the EMS module fall into one of several categories: 

Analogue inputs, represented by discrete voltages, change relatively slowly over time in a noniDeriodic manner. 
Air and water temperature (Atemp, Wtemp) have update rates of 10 - 100ms and are generated using DC sources 
(DAC). However, throttle position (T) and manifold air pressure (MAP) vaiy more rapidly (<10ms update rate) and it 
may be more efficient to use a multi-channel, VXI-based arbitrary waveform generator (Arb) to generate all of these 
signals in parallel. If the Arb latches its output to the last programmed level, a range of discrete values can be stored 
in memory and sequenced out in real-time using VXI triggers. 

Frequency inputs follow a repeating pattern and are often linked to the speed of the engine. A real engine speed 
signal can be generated by a photoelectric sensor which monitors the rotation of teeth on the crankshaft. A gap or 
extra long tooth is used to indicate Top Dead Centre (TDC). so the engine speed is also referred to as the phase signal. 
In order to simulate this signal, an Arb is pre-loaded with a waveform representing one revolution of the crankshaft. 
Not all EMS modules are tolerant of being taken straight from zero rpm to idle speed, so acceleration and deceleration 
are simulated by changing the Arb's clock speed (vc) 'on the fly* By synchronising these changes with the other input 
signals to within a few milliseconds, a complete speed/performance envelope can be integrated into the test strategy 
The test system instrumentation is controlled in real-time using timed interrupts and VXI triggers, which can be provided 
using a suitable VXI slot^ controller, running a real-time operating system. 

Some EMS modules also monitor the road speed (RS). This is generated using a variable reluctance sensor, 
whose output varies with frequency from 10 - 200Vpp. To simulate this an Arb output drives a suitable power amplifier 
(VCA), with gain controlled by another synchronised voltage source. 

Knock sensors detect the vibration caused when the fuel/air mixture in the cylinder detonates before normal ignition 
has taken place. The knock signal is a high-frequency burst with a characteristic modulation envelope and has a phase 
relationship to the crankshaft signal. The test system generates this by synchronising multiple Arb channels using an 
end of frame synch signal or VXI trigger. 

Og sensors mounted around the catalytic converter are crucial to minimising fuel emissions, as any oxygen present 
in the exhaust dramatically lowers the catalyst's efficiency. The O2 sensor generates a low-amplitude (<1 V), low fre- 
quency (<5Hz) signal. During an open loop test, this signal does not usually vary, as it is assumed that the catalyst 
has not yet warmed-up and so the signal is not used by the EMS module to tailor its control of the fuel injection and 
ignition. However, the signal must be accurately generated or the EMS will generate an error. Therefore the Arb used 
to generate this signal has a very high linearity (Hi-Res Arb). and any offset error present is calibrated out before 
starting the test sequence. 

Discrete inputs monitor switch closures, such as ignition on (Ig) and air conditioning (AC). They are simulated 
using static TTL or open collector lines, or by using a signal matrix to connect the input to Vbatt or ground (Gnd). 

CAN messages are generated by "intelligent" sensors that contain their own signal conditioning and interface to 
a Controller Area Network (CAN) multiplexed bus. The test system emulates multiple CAN nodes and generate mes- 
sages synchronised with other input signals. 
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Output Signal Measurement 

The most critical output signals generated by the EMS module contmi th^ f.,^i • • . 
ignition timing (Sp). Another pulsed output mav be used trrn^h^ ? '^el-injector solenoids (In) and the 

used to light malfunction lamps (W)?n thi dlhboard T^^ 'r'f''^' """^'^'^ 

measured in parallel over a rrprlsentare Sme p"od ll sZlfs^ZsTlT.:::' ''t '"'^ """^'^ ^^'^"'^ 
to a pre-defined speed envelope. Measurements such as pufse ^ith an^^^^^^^^ are simulated according 

a multi-channel event detector (MCED) with a deep memorrinm" ? , ^? ^'^''°''^®'^'^'°"9^°"»- "sing 
With the TTL I/O. The maximurn measurTln. perb^cTn be ex^e^de^hv ^ ""T f ^""'"•^ 
memory into a data buffer in the real-time controLr Off-Tne analv^s 2n ^T ^'^";' downloading the instrument 
has finished to evaluate if there were any extra or mi^sina nu .^^^^ 

statistical variation of pulse width can also p^^vide a™ me^r^n^^^^^^^ measurement period. Measuring the 

individual pulse measurements. meaningful assessment of the overall performance than 

The diagnostic port on the EMS module can be used durina the test to an.n=o • , , 
any fault conditions detected via a diagnostic interface er^ulato ?nipf . .? I '^^^^^'^ read-back 

Of the other test system instruments, ^hen 1^:^^ teTt t.^ -^^-'"9 

A system according to the present invention, such as that deschLdTl h • . 
programmed test system such as the S765AT system o,^eraJ^na i^E t^^^ 'mplemented using a suitably 

Technologies. The software used for the system dLred lnlr . ® ^''^"^'"^ Schlumberger 

This generates interrupts at prograr^med ^enufmS lu^^^^^^^^^ '""^'^ accurate dispatch of timed events, 
times. Events can be classified Is hiah or tow or l,T k ^ ° "ser-written code at accurate and repeatable 
interrupting low priority activSs if?ece a;Tet^^^^^^ 

orities can be hidden from the test devefopeT '=°'^P'"=^^'°"^ °' programming rnterrupt handlers and process pri- 



Claims 



1. A system to, tssling an automotive engine management eystem (EMS), comprising: 

autZbT '"""'"^ ° " .o inpm Signets generated by an 

^' aTro«e'''*"= ™= ^'^''^ •» "^^ ^MS ,n a manner »ni.h simulates that o, the inputs trom 

(d) sensors for measuring the EMS outputs- and 

(e) means ,or coordnating, in r,a, time. app,K.at^ o, the EMS inputs and measurement o, the EMS outputs 

2. A system as claimed in c«m 1 . lurther comprising mean, to, moniloring and updating serial Interfaces to the EMS 

3. A^ystem as claimed in Calm , o, 2. tunhe, comprtsing a p,og,ammab,e po„., supply to, supplying powe, to the 

- ?y~'^t:nr,'aniirwarergtrt»^^ 

t attrirTrJ Z:^Z°^;Z""" " " ^ ' "^--V signal ^.h 

genrtTd™: m o7o'Sn"Sto~" " '"^ ™^ '"""'^ ^ ^nP". wh.h Is 

p*,e'j:;:i?,d pS o, -""'P* -P>«= P.'al,e, ovre, a 
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9. A system as claimed in claim 8, wherein data is read from the registers in parallel with sequencing of other aspects 
of the test. 

10. A systems as claimed in any preceding claim, further comprising a VXI backplane for the various functional ele- 
ments of the system. 
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(54) EMS testing system 

(57) A system for testing an automotive engine man- 
agement system (EMS), comprises (a) means for gen- 
erating a series of EMS input signals which are equiva- 
lent to input signals generated by an automobile; (b) 
means for applying the EMS input signals to the EMS 
in a manner which simulates that of the inputs from an 



automobile; (c) a series of loads connected to outputs 
from the EMS. the loads being equivalent to the loads 
imposed by systems within an automobile under the 
control of the EMS; (d) sensors for measuring the EMS 
outputs; and (e) means for coordinating, in real time, ap- 
plication of the EMS inputs and measurement of the 
EMS outputs. 
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